one or more paths comprising the medium intercon necting the transmitter and receiver. Frame encoding is effected by generating an array of pulses distributed in time as well as distributed across the paths. Receiver (100) is generally arranged as a correlation detector in that the receiver only responds to the partic ular time-signal path pattern for which it is configured. Sensors in energy transfer relation to the one or more paths are positioned at detection points on the paths in correspondence to the time-space pattern of the re ceiver. The outputs of the sensors are processed to produce a correlation signal at the given frame rate whenever the coded signal corresponding to the re ceiver configuration is propagating along the paths. Sheet 4 of 6 4,918,689 Apr. 17, 1990 U.S. Patent This invention relates generally to a communication system having numerous transmitter-receiver combina tions connected to common transmission media and, more particularly, to electro-optical circuitry and meth odology for effecting encoding-decoding over the sys tem using space-time diversity coding techniques.
RECEIVER ---------------------

BACKGROUND OF THE INVENTION
A local area network (LAN) is a communication network, limited in geographic scope from several me ters to several kilometers, that links end-users generally requiring integrated (data/voice/video) services. Satis fying the growing demand for services with conven tional LANs is becoming increasingly more difficult because of the restricted communication capacity avail able on these LANs. For example, LANs operating at speeds up to 10 megabit/sec. are common for intercon necting terminals, intelligent workstations and personal computers to a large host. Even some LANs operating at 50 megabit/sec. are available for interconnecting small numbers of large hosts. However, these speeds are inadequate for a large business with hundreds of em ployees and numerous host machines and communica tion needs for facsimile, high resolution graphics and video requiring up to 1 gigabit/sec. transmission capa bility.
Part of this inadequacy occurs because some network processes, such as switching and transceiving, are per formed electronically even when the transmission me dium is a fiber optic cable. The speed of electronic processing is substantially slower than the speed of optical processing. In effect, the network processing is not a suitable match to fiber transmission medium.
Another factor impacting communication speed is that signal propagation time for a high speed system is significant when compared to the duration of a packet of information, thereby complicating network synchro nization and scheduling.
Recent activity culminating in the development of high bandwidth optical communication components introduces a new perspective not previously encoun tered with conventional networking, particularly as related to LANs. For instance, bandwidth is virtually unlimited because of the deployment of high capacity single-fiber and multi-fiber optical cables. Accordingly, cable routing costs per unit bandwidth constitute a diminishing portion of the cost of networking. Thus, bandwidth efficiency may be traded off for lower signal processing cost as well as improved reliability and au tonomy of communications. Also, with respect to the above-mentioned factor relating to network synchronization, it is desirable that any accessing and signaling arrangements in a high bandwidth environment allow the transmitters to be asynchronous with respect to each other; in addition, the arrangements should be tolerant of mild asynchro nism between any transmitter and its intended receiver. These points are discussed in further detail in the paper 
SUMMARY OF THE INVENTION
The limitations and shortcomings of conventional networks, including LAN systems, are obviated in ac cordance with the present invention, by a system which accomplishes the transceiving function with a pattern of signals, generally pulses, distributed both in time as well as over at least one of the parallel paths interconnecting LAN users. Broadly speaking, within the transmitter, the incom ing data is partitioned into contiguous blocks and each block is encoded into a data frame for transmission over the one or more paths comprising the LAN intercon nection medium. Frame encoding is effected by gener ating a two-dimensional array of pulses in correspon dence to a given input block. One dimension of the array is time and the other is associated with a space dimension, namely, the one or more parallel paths. The dimensionality of the array is chosen to satisfy bit error rate requirements in the system. Again, broadly speaking, the receiver is arranged as a correlation detector, that is, the receiver responds only to the particular two-dimensional pattern for which it is configured. Taps for extracting a portion of the propa gating signals are coupled to the one or more parallel paths, at locations corresponding to the receiver space time pattern, and these taps serve as inputs to the detec tor. In one realization of the present invention, each input is photo-detected and hardlimited by a photo diode and the output of each photo-diode circuit, which may include amplification, serves as one input to an AND gate. An integrate-threshold detect-trigger cas cade processes the output of the gate under control of synchronization circuitry. A threshold is exceeded only when the correct two-dimensional pattern for the re ceiver is propagating on the parallel paths. Other re ceiver implementations may be configured depending on the performance characteristics required in a de ployed system. One feature of the present invention is that a two-di mensional array or pattern exhibits more degrees of freedom than a pulse stream, so a lower bit error rate and lower false detection probability are achieved. Also, by exploiting optical processing as a decoding element, redundant coding among consecutive frames may become unnecessary in achieving the low error rate and low false detection probability in the presence of interference due to simultaneous transmissions of other users.
The organization and operation of this invention will be better understood from a consideration of the de tailed description of the illustrative embodiments thereof, which follow, when taken in conjunction with the accompanying drawing. if the transmitter is to send the code word "00", a pulse is sent in subframe 1 (line (i)); if the code word is "01", then a pulse is sent in subframe 2 (line (ii)); and so forth. At the receiver, an error occurs if no pulse or more than one pulse is detected per frame. The con straint of one pulse per frame simplifies the receiver detection process. ture is sent in subframe 4 (line (iv)); similar comments apply for subframes 2 and 3. In certain applications, it may occur that only one path interconnects a given transmitter-receiver pair. This is a special case of the more general case of two or more parallel interconnec tion paths. However, even this special case differs from the PPM case since a plurality of pulses are transmitted per subframe.
To detect the types of signatures exemplified by FIG. 2, correlator 100 depicted in FIG. 3 is utilized. The description that follows assumes that a particular trans mitter-receiver pair is in synchronization. This is ac complished via the well-known technique of providing a "training' session prior to the transmission of any actual data; an exemplary training session will be dis cussed shortly.
Taps 101 It is apparent that integrator 301 and trigger circuit 303 should be reset at the beginning of each subframe, and output register 402 must also be cleared at the be ginning of each frame. These three operations, as well as generation of the ENABLE and LINE SELECT signals, are controlled by OR gate 501, pulse generator 502, sync circuit 503, Modulo-R counter 504 and Modul lo-S counter 505. Sync circuit 503 includes a free-run ning clock which produces a stream of pulses at the system bit rate of 1/T. Lead 517 from circuit 503 pro vides clock pulses to counter 504 and, in turn, pulses 4,918,689 5 from modulo-R counter 504 are received by counter 505 via lead 518. Modulo-R counter 504 sequences through decimal numbers 0,1,2,...,R-2,R-1,0,1,2,... whereas counter 505 sequences through 0,1,2,...,S-2,S-1,0,1,2.... Modulo-R and Modulo-S counters 504 and 505 establish subframe and frame boundaries, re spectively. Counter 504 outputs a logic 1 on leads 511 and 512 (output B) each time a decimal 0 is registered. Moreover, counter 505 outputs a logic 1 on lead 513 (output C) whenever counter 505 registers a decimal 0. Multiple lead 411 (output D) from counter 505 pro vides, typically, a binary signal representative of the decimal sequence generated by counter 505. This binary signal is used to control multiplexer 401. In addition, ENABLE lead 212 is "ON" for the duration of a pulse whenever the i-th subframe is processed by correlator In discussing the detection process performed by correlator 100, it was assumed that the transmitter receiver pair under consideration was in synchronism. The transmitter may "train' the receiver with the fol lowing illustrative technique. The transmitter sends N (e.g., N=5) training frames during the training session.
A frame has S subframes, but instead of transmitting a signature in only one of the subframes, a training frame transmits a signature in each of the first Q (e.g., 3) sub frames, and no signatures for the rest of the frame. For convenience, this is called a Q-pattern. During training, ENABLE lead 212 is "ON" continuously, that is, out put A from sync circuit 503 emits a logic 1 on lead 514. Also, sync circuit 503 receives its input from detector 302 via lead 515. In addition, counters 504 and 505 are inhibited during training.
The detection of the first signature in a Q-pattern by correlator 100 starts both a subframe clock and a frame clock running and increments a counter to 1 (the clocks and counter, not shown, comprise sync circuit 503). If the next signature arrives within the time interval (RT t,RT--t) as measured on the subframe clock, where t allows for an some variation about the time duration RT of a subframe, the counter is incremented and the sub frame clock is restarted. Any correlation arriving after RT--t with the counter registering less than Q indicates a failure to detect a Q-pattern. Then the clocks and counter are reinitialized.
Whenever a Q-pattern is recognized, the frame clock provides an estimate to the frame starting time and frame duration. Moreover, the Q subframe clock times may be averaged to obtain an estimate of the subframe duration which, as indicated, may differ from the nomi nal value of RT seconds. In addition, since the Q-pat tern is sent over several consecutive frames, an average of the frame clock times may be utilized to more accu rately estimate the frame period.
There are occasions when the training session fail or
gives inaccurate values for the frame starting time, due to interference from other transmitter-receiver pairs. In these situations, the duration of the ENABLE signal on lead 212 may be extended to more than the pulse dura tion, according to the accuracy of the estimate for the frame starting time. Another version of front-end processor 705 is shown in FIG. 5 . In this realization, the signals on leads 104-106 are simultaneously focused onto another opti cal fiber 7201 at focal point 7202. In this manner, the signal energy is summed or added before detection by photo-detector 7100, typically a photo-diode. Optical switch 7203, interposed between fiber 7201 and detector 7100, serves to couple the output of fiber 72.01 to detec tor 7100 at synchronized intervals. This sync signal is provided by sync circuit 760 on lead 762 ( see FIG. 4 Element 760 represents the synchronization and EN ABLE operations required for overall system commu nication; element 760 is coupled to element 740 via lead 742. The ENABLE operation is designated EN E (the duration of an ENABLE signal E normalized to the duration T of a pulse). In FIG. 3 With the descriptions of the interplay between the illustrative electro-optical circuitry of FIGS. 3 and 7, it is clear that each arrangement comprising transmitter 800 and receiver 300 perform the combined operation best described as transceiving. Communication is ef fected as long as each transceiving pair utilizes a unique signature. case. This is depicted on the horizontal axis for block 601, which represents the encoded signal emitted from TRANSMITTER 1. Each transmitter in the communi cation system has a distinct set of patterns; each pattern is distributed over the paths 611-613 and the frame. Again, the darkened square at the intersection of a time slot and a path position represents a transmitted pulse.
A transmitter sends one of the patterns from its set in each frame. For instance, the pattern in the first frame emitted by TRANSMITTER 1 may represent a "00" code word generated within transmitter element 601. Similarly, 10 the pattern in the first frame of transmitter element 604 may also represent a "00" code word in TRANSMITTER2. The patterns generally differ even though the same data block is used to generate the pat terns within the various transmitters. Again, a special case exists wherein the transmitter-receiver pairs may be connected by only one path. The NxM two-dimen sional array (N is time, M is space) reduces to a simple Nxl array.
A receiver is configured to detect each of the patterns generated by its corresponding transmitter or transmit ters. For instance, receiver element 602 has three differ ent optical correlators 621-623, of the type shown in  FIG. 3 , to detect the three exemplary patterns broad cast by TRANSMITTER1. Similarly, receiver element 9 603 includes three different optical correlators 631-633 to detect the patterns broadcast by TRANSMITTER2. In FIG. 8 , correlator 621 is shown as detecting the first frame, correlator 622 the second frame and correlator 623 the third frame. However, all correlators are con nected to all paths 611-613 at all times; only the one detecting a peak correlation in each frame is depicted for that frame in FIG. 8. It should be recognized that transmitter and receivers are generally arranged in pairs (although a broadcast mode may be desirable in some instances, that is, all receivers are configured to accept the same patterns). Only a corresponding transmitter-receiver pair must maintain synchronization. It is not necessary to maintain synchronization among transmitters. Thus, the number of independent communication channels equals the number of communicating pairs connected to the paths, and this number is typically significantly more than the actual number of paths.
Transmitter 601 It is to be further understood that the pattern trans mitters and receivers, including associated methodolo gies, described herein are not limited to specific forms disclosed by way of example and illustration, but may assume other embodiments limited only by the scope of the appended claims.
What is claimed is:
1. A method for communicating information between a transmitter and a receiver as an information frame transmitted in a time interval corresponding to a given rate comprising the steps of interconnecting said transmitter and said receiver with a plurality of parallel communication paths, and transceiving on said paths an electrical pattern in said frame wherein said pattern is composed of a plural ity of signals distributed over said paths and distrib uted in time at sub-intervals of said interval and wherein each arrangement of said signals in said frame corresponds to a unique code word identify ing said information. 2. A method for communicating information between a transmitter and a receiver as an information frame transmitted at a given rate comprising the steps of interconnecting said transmitter and said receiver with a plurality of parallel communication paths, and transceiving on said paths an electrical pattern in said frame wherein said pattern is composed of a plural ity of signals distributed over said paths and distrib uted in time at sub-intervals corresponding to said rate and wherein each arrangement of said signals in said frame corresponds to a unique code word identifying said information and such that said pattern is fixed as a single signature composed of a distinct arrangement of said signals, and the step of transceiving comprises the steps of subdividing said frame into subframes corresponding to said sub-intervals, and transmitting by said transmitter and then receiving by said receiver said signature during one of said sub frames selected according to said information such sponding to a given rate between a transmitter and a receiver comprising the steps of interconnecting said transmitter and said receiver with a plurality of communication paths, and transceiving over said paths in each of said frames a preselected signal pattern corresponding to the information in each of said frames, said pattern comprising a plurality of pulses distributed over said paths and distributed in time at sub-intervals of said interval and wherein each arrangeunent of said pulses in each of said frames corresponds to a unique code word identifying said information. 6. A method for communicating continuous informa tion frames between a transmitter and a receiver com prising the steps of interconnecting said transmitter and said receiver with a plurality of communication paths, and transceiving over said paths in each of said frames a preselected signal pattern corresponding to the information in each of said frames, said pattern comprising a plurality of pulses distributed over said paths and distributed in time at sub-intervals of the frame rate and wherein each arrangement of said pulses in each of said frames corresponds to a unique code word identifying said information and such that said pattern is fixed as a single signature and the step of transceiving comprises the steps of subdividing each of said frames into subframes corre sponding to said sub-intervals, and transmitting by said transmitter and then receiving by said receiver said signature during one of said sub frames in correspondence to said information in each of said frames such that the relative position of said one of said subframes in said each of said frames 7. A method for encoding incoming data as a series of frames for transmission at prescribed intervals over a plurality of parallel communication paths comprising the steps of partitioning said incoming data and associating each said partition with one of said frames, and generating during each of said frames a signal pattern from a preselected set, said pattern selected in cor respondence to said data in said each of said frames and comprising a plurality of pulses distributed over said paths and distributed in time at sub-inter vals of the corresponding one of said intervals, and wherein each pattern in said set corresponds to a unique code word identifying said partitioned data and each arrangement of said pulses in said frame identifies said code word.
8. A method for encoding incoming data as a series of frames for transmission at prescribed intervals over a plurality of parallel communication paths comprising the steps of partitioning said incoming data and associating each said partition with one of said frames, and generating during each of said frames a signal pattern from a preselected set, said pattern selected in cor respondence to said data in said each of said frames and comprising a plurality of pulses distributed over said paths and distributed in time at sub-inter vals of the corresponding one of said intervals, and wherein each pattern in said set corresponds to a unique code word identifying said partitioned data and each arrangement of said pulses in said frame identifies said code word and such that said set contains a single pattern called a signature, and said step of generating further comprises the steps of subdividing each of said frames into subframes corre sponding to said sub-intervals, and generating said signature during one of said sub frames in each of said frames as determined by said partitioned data in each of said frames such that the relative position of said one of said subframes in each of said frames determines said code word.
9. A method for decoding a pattern coded signal conveying a frame of information, said signal composed of a plurality of pulses distributed over a plurality of parallel communication paths and distributed in time at sub-intervals corresponding to the transmission rate of said frame and wherein each arrangement of said pulses in said frame corresponds to a unique code word identi fying said information, said method comprising the steps of arranging a sensor array in energy transfer relation to said paths at detection points corresponding to said time sub-intervals and distribution over said paths, and processing the output of said sensor array to produce a correlation signal whenever said pattern coded signal is present on said paths during a time interval corresponding to said rate. 10. The method as recited in claim 9 wherein said step of processing further includes the step of enabling said sensor array for a preselected one of said sub-intervals during each of said intervals.
11. The method as recited in claim 9 wherein the step of arranging a sensor array in energy transfer relation comprises the step of coupling energy detectors to said paths at said detection points. 12. The method as recited in claim 9 wherein said paths comprise a fiber optic cable arrangement, wherein said step of arranging a sensor array in en ergy transfer relation to said paths includes the steps of tapping electro-optical energy from said cable ar rangement at said detection points, and feeding said electro-optical energy to a photo-detec tor arrangement to provide a received signal at said output of said sensor array, and wherein said step of processing includes the steps of filtering said received signal for a preselected one of said sub-intervals during each of said intervals to produce a filtered signal, threshold detecting said filtered signal to produce a threshold signal, and generating said correlation signal whenever said threshold signal is above a predetermined thresh old.
13. Circuitry for decoding a pattern coded signal conveying a frame of information, said signal compris ing a plurality of pulses distributed over a plurality of parallel communication paths and distributed in time at sub-intervals corresponding to the transmission rate of said frame and wherein each arrangement of said pulses in said frames corresponds to a unique code word iden tifying said information, said circuitry comprising means, in energy transfer relation to said paths at detection points corresponding to said time subin tervals and said distribution over said paths, for sensing on said paths an array of sensed signals, and means, coupled to said means for sensing, for process ing said sensed signals and for providing a correla tion signal whenever said pattern coded signal is present on said paths during a time interval corre sponding to said rate.
14. Circuitry as recited in claim 13 wherein said paths include a first fiber optic cable arrangement and said means for sensing includes a second fiber optic cable arrangement wherein each cable in said second arrange ment is coupled to a corresponding cable in said first arrangement, each of the coupled arrangements produc ing one of said sensed signals.
15. In combination, a plurality of optical communica tion paths, a source of light pulses, means responsive to input information for causing said source to generate a pattern of light pulses in a predetermined time frame, said pattern including a plurality of pulses having space diversity for distri bution over said paths and time diversity for distri bution in time at sub-intervals of said time frame and wherein each arrangement of said pulses in said frame corresponds to a unique code word identify ing information conveyed by said frame, and means for distributing said pattern to a unique combi nation of said communication paths according to space diversity at times according to said time diversity. 16. In combination, a plurality of optical communica tion paths, a source of light pulses, means responsive to input information for causing said Source to generate a pattern of light pulses in a predetermined time frame, said pattern including a plurality of pulses having space diversity for distri bution over said paths and time diversity for distri bution in time at sub-intervals corresponding to 
